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REMARKS 

Applicants request the Examiner enter the above amendments 
prior to examination of this application. Applicants 
respectfully submit that the amendments are supported by the 
specification and add no new matter. Early and favorable 
acceptance of this national stage application is respectfully 
requested. 

Applicants believe no fees are due at this time; however, 
the Commissioner is hereby authorized to charge any fees 
required to effectuate this filing to Deposit Account No. 50- 
2148 of Baker Botts l.l.p. 

If there are any matters concerning this Application that 
may be cleared up in a telephone conversation, please contact 
Applicants' attorney, Andreas Grubert, at 512.322.2545. 

Respectfully submitted, 
BAKER BOTTS L.L.P. 
Attorney for Applicants 

Eric M. Grabski 
Reg. No. 51,74 9 

Date:' January 27, 2 006 

SEND CORRESPONDENCE TO : 
Baker Botts L.L.P. 

CUSTOMER ACCOUNT NO. 31625 
512 .322 .2545 
512.322.8383 (fax) 
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Dcocription 

Connoction method for a static VAR compensator 

CONNECTION METHOD FOR A STATIC VAR COMPENSATOR 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of co-pending 
International Application No, PCT/EP2004/007336 filed July 5, 
2004, which designates the United States of America^ and claims 
priority to German application number DE 03017299 > 3 filed July 

30/ 2 0 03/ the contents of which are hereby incorporated by 
reference in their entirety^ 

TECHNICAL FIELD 

[0002] The present invention relates to a method for 
connecting a static VAR (VAR= Volt Ampere Reactive) compensator 
having a plurality of parallel compensation components to an 
operating voltage . 

BACKGROUND 

[0003] It furthermore relates to a control program stored on a 
data carrier, a control unit for a static VAR compensator and a 
static VAR compensator which are designed for implementing such 
a connection method. 

[0004] Reactive power compensators - so-called SVC (SVC = 
static VAR compensator) systems - usually comprise a TCR (TOR = 
thyristor controlled reactance) and at least one filter 
circuit. They are used for large consumers that are fed 
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alternating current from an AC voltage network, and serve to 
compensate the reactive power components of the alternating 
current • 

[0005] It is usually possible to connect the static VAR 
compensator to the AC voltage network (or more generally the 
operating voltage) , and to disconnect it from the network 
again. Transient disturbances in the operating voltage and/or 
in the flowing currents can arise when the static VAR 
compensator is connected. In extreme cases, this can cause 
another system that is likewise being supplied with the 
operating voltage to perform an emergency shutdown. This 
results in production stoppages or other operating 
interruptions . 

[0006] To avoid such operating interruptions, in the prior art 
the static VAR compensator is only connected to the operating 
voltage when other systems or system components that are also 
supplied via the operating voltage and whose interrupt ion- free 
operation must be ensured are not currently in operation. This 
however not only restricts flexibility when connecting the 
static VAR compensator to the operating voltage. In practice, 
implementation of this method is additionally only possible 
with a great deal of effort. 

[0007] In polyphase AC voltage networks, it is furthermore 
known to connect the individual phases of the AC voltage 
network successively to the static VAR compensator with a 
defined time offset to the voltage zero of the respective 
phase. This requires special, costly switching devices however. 
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SUMMARY 

[0008] The object of the present invention is to provide a 
connection method for a static VAR compensator which avoids an 
unacceptably great effect on the operating voltage and which is 
simpler to implement than the aforementioned prior art 
connection method. 

[0009] The object is achieved for the connection method in 
that the compensation components are first successively 
connected by a control unit to the operating voltage via a 
series resistor and are then connected to the operating voltage 
without a series resistor. 

[0 010] For the control program, the control unit and the 
static VAR compensator, the object is achieved in that they are 
designed to implement the connection method according to the 
invention. 

[0011] A s a result, therefore, the entire static VAR 
compensator is not connected to the operating voltage at the 
same time. Rather, the connection of the compensation 
components to the operating voltage is performed staggered over 
time and is damped by virtue of the series resistor. The static 
VAR compensator is only connected to the operating voltage 
without a series resistor once the aforementioned connection 
has been completed. 

[0012] If the compensation component which is first connected 
to the operating voltage via the series resistor is an active 
component with at least one controllable reactive power 
element, e.g. has a TCR, active control of the current flowing 
across the series resistor is possible from the outset. In 
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particular this can be utilized so that a current having the 
fundamental frequency of the AC voltage which flows across the 
series resistor is essentially compensated. 

[0013] The compensation circuits connected to the operating 
voltage via the series resistor after the first compensation 
component are usually purely passive filter circuits. 

[0014] If, following connection of the compensation components 
to the operating voltage without a series resistor, the series 
resistor is disconnected from the operating voltage by the 
control unit, any enduring current flow across the series 
resistor is prevented. This is especially advantageous because 
whenever the static VAR compensator is subsequently 
disconnected from the operating voltage, this disconnection can 
be performed without regard for the series resistor. 

[0015] The connection without a series resistor is 
particularly simple to implement if the connection of the 
compensation components to the operating voltage without a 
series resistor is performed simultaneously for all 
compensation components . 

[0016] The connection method according to the invention is 
particularly effective if a time offset between the connection 
of two compensation components connected to the operating 
voltage immediately in succession via the series resistor is 
between 50 and 300 ms . This enables a good compromise between a 
low-effect connection of the entire static VAR compensator and 
the ability to react quickly to an event which requires the 
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static VAR compensator to be connected. The time offset here 
should preferably be between 80 and 200 ms, e.g. 100 to 150 ms . 

[0017] To implement the connection method according to the 
invention, in order to connect the compensation components to 
the operating voltage, it is for example possible to connect a 
distribution bus upstream of the compensation components to the 
operating voltage via the series resistor and to connect the 
compensation components to the distribution bus. For the 
subsequent connection of the compensation components to the 
operating voltage without a series resistor, in this case in 
particular it is possible simply to connect the distribution 
bus to the operating voltage without a series resistor. 

[0018] The first compensation component is preferably 
connected to the distribution bus only after a time delay 
following the connection of the distribution bus to the 
operating voltage via the series resistor. 

[0019] The time delay can have the same values as the time 
offset . 

[0020] In a frequent application, the operating voltage is a 
high voltage, in particular a medium voltage of between 6 and 
36 kV. 

[0021] The connection method according to the invention can be 
implemented in a particularly simple manner if the operating 
voltage has a plurality of phases and the phases are connected 
simultaneously to the compensation components by the control 
unit . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Further advantages and details emerge from the 
description of an exemplary embodiment below in conjunction 
with the drawings. In a basic diagram in each case, 

[0023] F^ GFigure 1 shows a block circuit diagram of a static 
VAR compensator, 

[0024] F I GFigure 2 shows a timing diagram, 

[0025] F^G Figure 3 shows a voltage waveform, 

[0026] P ^ GFigure 4 shows a current waveform, 

[0027] g J GFigure 5 shows a voltage waveform, and 

[0028] F j& GFigure 6 shows a current waveform. 

DETAILED DESCRIPTION 

[0029] According to F^ GFigure 1, a static VAR compensator has 
a plurality of compensation components Kl to K3 . The 
compensation components Kl to K3 are arranged in parallel with 
one another relative to a distribution bus DL. According to 
F3& GFigure 1, three compensation components Kl to K3 are 
present. It would however also be possible for more or fewer 
compensation components Kl to K3 to be present. There should be 
no fewer than two compensation components Kl to K3 however. 

[0030] The compensation component Kl is an active component 
with at least one controllable reactive power element. 
According to F^ GFigure 1, the controllable reactive power 
element is designed as a TCR here. It therefore has a thyristor 
unit T, by means of which the reactance of the compensation 
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component Kl can be controlled. In addition, according to 
F^ GFigure 1 the compensation component Kl also has a purely- 
passive filter circuit. This is not absolutely necessary 
however. The other compensation components K2 and K3 are purely 
passive filter circuits. 

[0031] The compensation components Kl to K3 can be connected 
to an operating voltage U via switches SI to S5 and a series 
resistor R. The operating voltage U is usually a high voltage, 
e.g. a medium voltage of between 6 and 36 kV. It is generally a 
three-phase alternating current system. In individual cases 
however, it may also be an alternating current system with more 
than three phases, e.g. an alternating current system with four 
or five phases. It may however also be a single-phase voltage 
system. 

[0032] The static VAR compensator furthermore has a control 
unit CU which controls the switches SI to S5 and the thyristor 
unit T. The control unit CU is here a programmable control unit 
CU which executes a control program CP. In this arrangement the 
control program CP is supplied to the control unit CU via a 
data carrier DC on which the control program CP is stored in 
(solely) machine -readable form. 

[003 3] A s a result of the programming with the control program 
CP, the control unit CU connects the compensation components Kl 
to K3 of the static VAR compensator to the operating voltage U 
in the following manner, which is explained in greater detail 
with reference to g^ €Figure 2 . 
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[0034] W hen a connection command ON is supplied to the control 
unit CU, the control unit CU first immediately closes the 
switch SI. The distribution bus DL is therefore first connected 
to the operating voltage U. 

[0035] It is also possible to close the switch S2 
simultaneously. If necessary, the switch S2 can even be 
dispensed with. According to ^^^ GFigure 2, however, the control 
unit CU closes the switch 82 only after a time delay 5tl. After 
a time offset 5t2 has elapsed in each case, the control unit CU 
then closes the switches S3 and S4 . All compensation components 
Kl to K3 are thus connected to the operating voltage U via the 
series resistor R. 

[0036] Following the elapse of the time offset 5t2 once more, 
the control unit CU closes the switch S5 . After the switch S5 
closes, the control unit CU waits again for the time offset 5t2 
and then opens the switch SI . 

[0037] The time delay 5tl is preferably between 50 and 300 ms, 
in particular between 80 and 200 ms . According to FiGFigure 2, 
it is 100 to 150 ms for example . The time offset 5t2 is 
preferably between 50 and 300 ms, in particular between 80 and 
200 ms . According to F^ GFigure 2, it is also 100 to 150 ms for 
example . 

[0038] In particular, the time delay 5tl and the time offset 
5t2 may have the same value. 

[0 0 3 9] A s can be seen from FJ GFigure 3 for one of the phases 
of the operating voltage U, the operating voltage U has a 
fundamental frequency f . According to F^ GFigure 1, the control 
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unit CU not only controls the switches SI to S5, but also the 
thyristor unit T. The thyristor unit T, and consequently the 
active component Kl, is controlled by the control unit CU here 
in such a way that a current I flowing across the series 
resistor R is essentially compensated, provided it has the 
fundamental frequency f . The thyristor unit T is therefore 
controlled depending on the control commands output to the 
switches SI to S5 . This can be seen clearly in KE €Figure 4. 

[0040] Usinq the connection method according to the invention, 
it is possible to achieve a considerably lesser effect on the 
network than with the conventional prior art connection 
methods. This holds true despite the fact that all phases of 
the switches SI to S5 are switched simultaneously with the 
solution according to the invention. The advantages of the 
connection method according to the invention in comparison with 
the conventional connection methods of the prior art are 
particularly evident when g^ GFigure 3 is compared with 
KE GFigure 5 and g^ GFigure 4 is compared with gJ GFigure 6 . 
g^G SFigures 5 and 6 namely show a voltage and a current 
waveform that occur with a conventional prior art connection 
method. It is clear that the conventional prior art has a far 
greater effect on the network than the connection method 
according to the invention. 
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ABSTRACT 

[0041] Tho invontion relatea to a A static VAR compensator 
Gomprioing has several parallel compensation components (Kl - 
K3) . To connect the static VAR compensator to an operating 
voltage (U) the compensation components (Kl - K3) are first 
successively connected to the operating voltage (U) by a 
control unit (CU) via a series resistor (R) . The compensation 
components (Kl - K3) are only connected to the operating 
voltage (U) without series resistance once the aforementioned 
connection has been completed. 
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